A 51-year-old Caucasian male developed Graves' thyrotoxicosis following long-standing treatment for hypothyroidism. After a short period of treatment with carbimazole, he developed agranulocytosis and required total thyroidectomy. In this relevant case report, we review several pathogenetic mechanisms that explain the transformation of autoimmune hypothyroidism into Graves' disease and the possible approaches to the management of agranulocytosis secondary to antithyroid medications. Further studies are required to determine the best way to manage severe thyrotoxicosis when agranulocytosis develops due to antithyroid medications.
INTRODUCTION
The incidence of autoimmune thyroid disease is approximately 12% in Australia, with a greater prevalence in women. Graves' disease and Hashimoto's thyroiditis are the most common forms of autoimmune thyroid disease. 1 Autoimmune thyroid disease can involve one or more types of thyroid antibodies. These include the thyroid stimulating hormone (TSH) receptor antibodies, which can be divided into stimulating or blocking types. The former is thought to be the cause of Graves' disease. Additionally, thyroid peroxidase antibody and thyroglobulin antibody are thyroid-specific antibodies commonly found in thyroid autoimmunity. 2 It is well known that Graves' thyrotoxicosis may be followed by hypothyroidism. However, development of Graves' thyrotoxicosis after a period of hypothyroidism is not a common phenomenon. 3 The treatment for Graves' disease involves the use of antithyroid drugs such as carbimazole, methimazole and propylthiouracil. These medications are associated with several side effects, including pancytopenia and agranulocytosis. While the incidence and management of agranulocytosis is well documented, there are no clear evidence-based guidelines on the immediate management of Graves' disease if agranulocytosis occurs. A recent study employed the use of Lugol's solution with beta blockers to prepare patients for thyroidectomy with Graves' disease and found this was effective. 4 In this paper, we report a case of a man who developed agranulocytosis due to carbimazole to treat Graves' disease after long-standing primary hypothyroidism.
CASE
A 51-year-old Caucasian male, was diagnosed by his General Practitioner with subclinical hypothyroidism in 2010 based on an elevated thyroid stimulating hormone level [10.7 mU/L, normal reference (NR) 0.40-3.50], normal FT4 and FT3 levels, and elevated thyroid peroxidase antibodies (604 IU/mL, NR 0-35).
His other medical conditions included hypertension, thalassemia minor, impaired glucose tolerance and cholecystitis. The patient was started on thyroxine 50 mcg daily (0.52 mcg/kg/day), and his TSH decreased to 4.09 mU/L after 6 months and then normalized to 2.99 mU/L. After an intervening normal TSH level, indicating adequate thyroxine replacement, the patient reported weight loss and restlessness in July 2016. His biochemistry was in keeping with hyperthyroidism with suppressed TSH (<0.005 mU/L) and elevated FT4 (18.8 pmol/L, NR 9-19) and FT3 (30.5 pmol/L, NR 2.6-6 ). His thyroxine dose was reduced before being totally discontinued by his General Practitioner. Thyroid function tests at this time showed TSH <0.005 mU/L (0.40-3.50), FT4 30.5 pmol/L (NR 9-19) and FT3 19.2 pmol/L (NR 2.6-6).
After 6 months there was little change in his thyroid function tests and he was commenced on propranolol 20 mg daily and referred to a local endocrinologist. On examination, he had a diffuse, mobile goiter, blood pressure of 135/80 mm Hg and a heart rate of 75 bpm with a weight of 95 kg with a BMI of 29.3. He appeared clinically euthyroid with no signs of dermopathy, acropachy, proximal myopathy or ophthalmopathy. A thyroid ultrasound revealed heterogenous echogenicity and increased vascularity ( Figure 1) . A pertechnetate uptake scan showed elevated thyroid uptake, consistent with Graves' disease ( Figure 2 ). TSH receptor antibody (TRAb) titer was elevated at 15.3 IU/L (NR <2 ). Anti TPO at this time was 407.
He was given advice on precautions regarding agranulocytosis and commenced on carbimazole 15 mg daily. After 6 weeks of treatment with carbimazole, his thyroid function tests continued to show suppressed TSH of <0.005 mU/L with raised FT4 and FT3 of 26.4 pmol/L and 12.2 pmol/L, respectively. His total daily dose of carbimazole was then increased to 25 mg. However, he was subsequently admitted to the local hospital with agranulocytosis and fever of unknown origin twenty six days after the dose of carbimazole was increased. Blood tests on admission showed white cell count (WCC) of 1.2 x10 9 /L and neutrophils of 0 x 10 9 /L. carbimazole was stopped and he was initially treated with filgrastim 300 mcg daily injections, intravenous cefepime 2 g QID for five days and a once-only dose of gentamicin 400 mg. Due to ongoing fever he was also commenced on vancomycin 1.5 g BID for three days concurrently. At this same time his dose of propranolol was increased to 20 mg BID. Subsequently, his neutrophil count improved on day 5. Finally, he was administered Lugol's iodine BID for 10 days and then underwent total thyroidectomy. Histological diagnosis was Graves' disease ( Figure 3 ). Further analysis revealed chronic lymphocytic thyroiditis and oncocytic metaplasia (Figure 4) . He is currently on thyroxine 150 mcg daily. 
DISCUSSION
In this case report, the patient had been on thyroxine replacement for approximately 6 years. During this period, thyroid antibodies were positive, although TSH receptor antibodies were not tested until early 2017. Our patient then went on to develop Graves' disease. He subsequently developed agranulocytosis secondary to carbimazole, requiring treatment with Lugol's iodine before undergoing total thyroidectomy.
The conversion of Hashimoto's thyroiditis to Graves' disease is documented in literature, but such cases are rare and are postulated to be due to a combination of atypical destructive thyroiditis and the development of antibodies associated with Graves' disease. 5 Several reports have suggested that Graves' disease can follow thyroid gland destruction. [5] [6] [7] [8] One author postulated that autoimmune destruction initially produced a hypothyroid state, but the stimulatory effect of thyrotropin receptor stimulating antibodies (TSAb) and thyroid destruction may alter and subsequently create a hyperthyroid state. 5 There were also 2 studies that looked at several cases and proposed that the damage to thyroid tissue acted as the triggering factor for Graves' disease. This also involved the production of TSH receptor antibodies which changed effects from blocking to stimulating to produce a state of hyperthyroidism. [6] [7] [8] Another older proposed mechanism is that damage to thyroid epithelial cells leads to thyroid hormone leakage, which stimulates microsomal antigens and subsequently helper T cells to induce the production of thyroid antibodies. 7 It is important to note that treatment with thyroxine can lead to an increase in ongoing antibody action or induce the production of TSAb in patients who may or may not have thyrotropin receptor blocking antibodies (TBAb). 9 It has been proposed that this could be due to a rise in serum T4 with replacement therapy, leading to an increased expression of stimulatory molecules that initiate antibody production. Alternatively, TBAb activity falls below the activity of TSAb, and a 'switch' occurs, often mediated by diminishing thyroid autoantibody levels secondary to antithyroid medications. 9 It is well-documented in literature that the incidence rate of agranulocytosis with thionamides is 0.1-0.5%. 10 Thionamides remain the first-line treatment option for hyperthyroidism, and their mechanism of action involves inhibiting the thyroid peroxidase enzyme which decrease the production of T3 and T4. 2 The mechanism of agranulocytosis is poorly understood, with the consensus suggesting that the production of antibodies leads to an interaction with a granulocyte antigen, or causes depression of myelopoiesis. 10 Two studies that looked at HLA profiles in the Asian population and one study in white European people concluded that some HLA genotypes were associated with antithyroid drug-induced agranulocytosis, and suggested individuals identified as carriers could potentially be offered alternative treatment at an earlier stage. [11] [12] [13] The cross-reactivity between methimazole and propylthiouracil is documented in literature, so that the use of a second antithyroid medication is contraindicated if the first antithyroid caused agranulocytosis. 14 Most cases of agranulocytosis occur within 90 days of commencing antithyroid treatment but can occur when treatment is recommenced in the event of a relapse of hyperthyroidism.
14 The management of agranulocytosis that is induced by antithyroid medications is supportive therapy with antibiotics and G-CSF. 10 The 3 current acceptable modalities for the treatment of hyperthyroidism are antithyroid medications, radioactive iodine and total thyroidectomy. Radioactive iodine was not selected for this patient because it can take up to 6 months before the full effect is achieved. Also, the patient was not well-controlled biochemically, even when he was taking carbimazole. The decision to undertake an urgent thyroidectomy was based on his clinical and biochemical instability. The patient was involved in this decisionmaking process.
One of the weaknesses in this case is that obtaining a TSAb level was not indicated at the time of diagnosis of hypothyroidism when the General Practitioner commenced thyroxine based on current guidelines of elevated thyroid peroxidase and TSH level >10 mU/L.
This case report illustrates a rare conversion of autoimmune subclinical hypothyroidism after 6 years of stable treatment with thyroxine to severe Graves' disease. While it is unclear if TRAb was positive early in the primary hypothyroidism state, it is evident that some cases of Graves' disease are preceded by states of hypothyroidism with TRAb present. Additionally, this case demonstrated the difficulty of treating a patient with hyperthyroidism complicated by agranulocytosis secondary to carbimazole. Further studies are required to investigate cross-reactions between antithyroid medications when agranulocytosis occurs, and other potential curative measures for hyperthyroidism following a primary hypothyroid state.
CONCLUSION
Clinicians need be aware that, albeit rare, cases of Hashimoto's thyroiditis and hypothyroidism can convert to Graves' thyrotoxicosis. Antithyroid drugs remain the first-line treatment option for Graves' disease. Treatment options for thyrotoxicosis when agranulocytosis develops will need to be selected on a case-by-case basis. An experienced surgeon and an urgent thyroidectomy after a brief blockade with Lugol's iodine was selected in our patient. This resulted in a rapid cure, in the context of clinical and biochemical instability.
